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Theoretical Model Calculation
All calculations were performed using Gaussian 09 packages. In all cases, PBI with methyl groups at imide position instead of longer side chains was employed as model in our calculations. The geometric structures of PBIs in the ground state have been optimized at the density functional theory (DFT) level without any symmetry constraints by B3LYP's gradient corrected correlation hybrid functional and 6-31G(d) basis sets and the vibrational frequency analyses are performed under the same level. Further we use the long range-corrected functional CAM-B3LYP with 6-311+g(d, p) basis sets and combined the conductor polarizable continuum model (CPCM) in CH 2 Cl 2 solution to predict the optical properties of PBIs. of the small molecules were investigated using UV-vis spectroscopy (Shimadzu UV-1800) and PL spectroscopy (Varian Cary Eclipse).
Cyclic voltammetry was performed on a PARSTAT2273 electrochemical workstation in acetonitrile solutions (10 -3 M) at a scan rate of 50 mV/s, with glass carbon as the working electrode, SCE as the reference electrode, and Pt wire as the counter electrode. The supporting electrolyte was tetrabutylammoniun hexafluorophosphate (0.1 M) and ferrocene was selected as the internal standard. The solutions were bubbled with a constant nitrogen flow for 10 min before measurements.
Materials:
Perylene-3,4,9,10-tetracarboxylic acid bisanhydride and 1-octylthiol were purchased from J&K, and 2-ethylhexylamine, 4-tert-butylphenol, and 10-undecen-1-ol were purchased from Alfa Aesar. THF were distilled over sodium prior to use and purged with nitrogen. All other reagents and solvents were purchased from commercial sources and used without further purification.
N,N′-di(2-ethylhexyl)-1,6,7,12-tetra(4-tert-butylphenoxy)perylene-3,4,9,10-tetracarboxydiimide (7) was synthesized according to the literature. [1] Bromination of perylene bisanhydride: A mixture of 9.14 g (23.32 mmol) perylene-3,4,9,10-tetracarboxylic acid bisanhydride, 110 mL 98 wt % sulfuric acid and 15 mL 100 wt % sulfuric acid was stirred at room temperature for 7 h. Subsequently, I 2 (0.18 g, 0.71 mmol) was added and the mixture was heated to 80°C. Then 3.5 mL (10.88 g, 68.08 mmol) Br 2 was added dropwise over 8 h and the reaction mixture was heated for an additional 16 h at 80°C. Then I 2 (0.18 g, 0.71 mmol) was added and the reaction mixture was raised to 95°C. Br 2
S5
(5 mL, 15.54 g, 97.25 mmol) was added dropwise over 24 h and the reaction mixture was heated for an additional 44 h at 95°C. After the excess bromine was removed by a gentle stream of nitrogen, the reaction mixture was cooled to room temperature, and carefully poured into 1 L cold water and stirred for 0.5 h. N,N′-Di(2-ethylhexyl)-1-octylthio-6,7-di(4-tert-butylphenoxy)perylene-3,4,9,10-tetracarboxydiimide (6).
1-Octylthiol (0.084 g, 0.58 mmol), NaH (0.072 g, 3.0 mmol), and perylene bisimide 3 (0.20 g, 0.19 mmol) were allowed to react in the same way as described for 4 and purified by column separation to yield 6 (0. 
